2905  Forest  Ave., 
Berkeley,  Calif. 

To  the  President  and 
Facultj'-  of  the  Department  of 
Electrical  Engineering, 
Ai-mour  Institute  of  Technology, 
Chicago  111. 

Gentlemen: 

I   submit  herevdth  a  thesis  entitled,    "The 
Adaptation  of  the  Multi-Tapped  Auto  Transfoxmex  to 
Dimming  of  Incandescent  Lamps"  and  xeq.'uest  that  you 
consider  this  in  Aetemining  my  qualifications  fox 
an  advanced  degree. 

ixespectfull.7  youxS 


B.fe.   in  S.e'.      1909 


Jan.    15th,    1926 
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THE  ADAFTAxiui^    OF  THE  I«JLTI-TAPPKD  AUTO 

TRANSFORMER  TO  DIMMING  OF 

INCANDESCENT  LAMPS 

-  BY  - 
Tracy  ^V.  Simpson* 


The  prevailing  plan  of  dimming  lamps  in  theatres  is  by 
the  resistance  method  and  with  the  demand  for  flexibility 
in  control  these  dimming  "banks"  are  elaborate  affairs 
often  having  one  himdred  or  more  "plates"  or  separate 
control  devices.  The  energy  loss  is  considerable,  some 
studies  showing  one  fourth  of  the  electrical  energy 
used  by  an  average  theatre  as  lost  in  heat  in  the  dimming 
bank* 

With  such  a  condition  it  is  not  siorprising  that  a  solution 
has  been  soioght  in  the  field  of  induction  or  transformer 
voltage  regulation.  The  earliest  dimmers  were  of  the  leak- 
age reactance  type  similar  to  "tub"  or  constant  ciirrent 
transformers.  These  were  bulky  and  expensive  and  had  an 
objectionable  hum.   Attempts  have  been  made  to  vary  an  air 
gap  in  a  two  coil  transformer  to  accomplish  a  similar  re- 
sult.  The  most  elaborate  commercial  apparatus  now  in  use 
is  the  Ward  -  Leonard  Reactance  system  comprising  a  tv/o 
ooil  core  type  transformer  for  each  section  of  the  load  to 
be  controlled.   An  auxiliary  third  coil  is  wound  on  tihe 
core  which  is  connected  to  a  variable  source  of  direct 
current  supply,  and  by  causing  direct  current  to  traverse 
the  coil  the  iron  of  the  transformer  becomes  subjected  to 
■^j'b'bZjO    a  saturation  as  a  result  of  the  positive  magneto  motive 
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force  of  the  direct  current  coil.  This  has  the  effect  of 
moving  the  horizontal  or  zero  line  of  the  B-H  curve  upwards 
so  that  the  variation  of  the  primary  alternating  current 
magnetomotive  force  proriuces  far  less  variation  in  the 
lines  threading  the  secondary  than  ordinarily  prevail.  By 
altering  the  direct  current  the  secondary  voltage  is 
altered  and  the  lamps  dimmed.  All  of  these  devices  have 
the  disadvantage  that  the  power  factor  is  seriously  affected 
and  when  one  realizes  that  a  modern  stage  uses  as  much 
energy  as  many  a  small  tovm  the  effect  of  such  leakage 
reactance  dimming  is  bound  to  he  apparent  sooner  or  later 
and  the  lighting  com.panles  will  take  cognizance  of  the 
situation.   -, .,  .  .,  >-  ,.  ,.  ■ .  ,  ,  .   ^.,  ,.  ,.  ,  ,  .,  ,         ... 

The  greatest  obstacle  to  the  existing  methods  of  induction 
dimming  is  however  its  first  cost.   The  electrical  equip- 
ment of  a  modern  theatre  at  best  is  (Sften  as  costly  as  the 
building  shell  and  if  the  apparatus  necessary  for  induction 
dimming  on  present  lines  be  analyzed  the  cost  will  be 
found  to  be  not  far  from  twice  that  of  resistance  dimm.ing« 
The  thSatrical  business  seems  to  be  conducted  on  a  basis 
of  expected  short  time  life  due  to  changes  in  leaseholds, 
managing  syndicates  and  the  like;  and  the  relation  of 
•operating  expense  to  first  cost  and  its  capitalization 
and  amortization  over  a  long  period  of  years  is  not  practiced 
as  it  is  in  the  more  stable  public  utility  business.   In  a 
word  the  theatre  man  m.ust  have  low  first  cost  ^ven   at  the 
expense  of  high  operating  costs.   If  an  economical  device 
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will  not  save  its  cost  in  a  year  or  so  the  theatre 
l^ owner  is  generally  not  interested. 

"^AN  ORIGINAL  IlWESTIGATIOi^  OF  THE  PROBLEM 

.In  casting  about  for  a  solution  for  this  situation  the 
•  writer  decided  to  investigate  the  auto  transformer  as^K"" 
.it  is  well  known  that  this  device  is  inherently  cheap  to 
, build  in  th  e  smaller  ratios  of  transformation  such  as 
, prevail  in  diriiming  a  bank  of  lamps;  i«e,  from  1  to  1  '"•'^*'^''"' 
,do'«n  to  a  1  to  ^-1/4  ratio.  The  result  is  so  surprisingly 
simple  that  it  is  hardly  believable  that  it  has  not  been 
considered  before.   Probably  it  has,  theoretically,  but 
it  was  doubtless  at  a  time  or  under  conditions  when  the  -^  ''-" 
crying  need  for  the  solution  of  the  problem  v/as  not  appar- 
ent.  At  least  no  search  reveals  any  commercial  use  of 
the  plan,  and  the  vn?iter  believe  the  general  scheme  with 
the  few  necessary  elements  to  the  combination  that  make  it 
a  practical  success  are  strictly  original,        ■■  '''■^-•- 

BRIEF  STATEMENT  OF  THE  PRINCIPLE 
This  is  as  follows :- 

"if  an  auto  transformer  be  built  with  a  multiplicity 
of  taps  and  connected  through  a  suitable  multi-point  con- 
troller to  a  bank  of  Tungsten  lamps  said  auto-transforraer 
need  not  be  in  size,  weight,  or  cost  greater  than  ONE-SIXTH 
of  a  regular  two  coil  transformer  of  a  capacity  equa]Jycap- 

able  of  handling  the  lamps,  " 

,^_v »,  ;■,,•••    ".  .  ■■'  ■       ..cr;: 
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A  further  development  of  the  principle  is  covered  in  the 
followinc:   ^^'^-^  ^'^'^^^  '^'^^    "''"■  '-"   -^P  ^-'^-^^"^^  ^'-  '-■^''  ■'-"''' 

tv'.    "qio  insure  smooth,  graduated  dimming  with  closed 
circir:' t  froin  step  to  step,  resistance  must  be  inserted 
in  each  lead  of  such  amount  that  the  current  circulating  ' ''^^' 
in  the  short  circuited  coil  due  to  the  contact  arm  bridg- 
ing two  contacts  at  once  does  not  exceed  a  normal  value, 
preferably  about  full  lo'^d  amperage,    '  ^^■'  •■  ^"- -rv-'  ^-'-^  'i  l.h-.. 
Furthermore,  instead  of  such  resistance  in  the  leads'  being 
deleterious  a  distinct  benefit  is  obtained  from  the  stand- 
point of  cost  as  due  to  the  resistance  in  the  leads  of  the 
short  circuited  coil  and  the  circulatUng  current  ther-ein, 
a  condition  exists  which  gives  the  effect  of  an  intermediate 
step  of  voltage.  This  may  be  stated  as  follows:-  •-',  -■^'s -'-'•-''' 

'•■"^  "If  the  criterion  of  sii.ccessful  dimr.ing  is  that  the 
candle  pwoer  range  be  divided  into  a  certain  number  of 
steps  by  any  progressive  method  of  variation,  the  number" 
of  contacts  on  the  controller  plate  need  be  but  one  half  ^" 
of  the  said  requisite  number  of  "stepS^  because  it  is  possi- 
ble to  adjust  the  resistance  in  the  separate  leads  so  that 
when  the  contact  arm  bridges  two  contacts  it  has  the  effect 

of  an  intermediate  step  in  voltage."     '  "  '  "'  "  "  ^'  "^ 
X'« »-  3.0  '■'!"'■■  ''ifl  fo.-r:^^  r 


DISCUSSION  AND  RATIONALIZING  OF  THE  ABOVE 
CONCLUSIONS. 


It  will  be  seen  that  c|Lite  remarkable  reductions  in  cost 

of  apparatus  as  compared  with  usual  methods  may  be  obtained 

if  the  above  principles  be  true  and  before  proving  them 

-  4  - 


©rfcf  ni  Jbenevoo   ax   elq Jtorriiq  ©rfS-  lo   &aemqolov&b  'x.ed.insjl  A 

/.»•;■    ■  :3fTi:woXIo'i 

bei^ol.o  rivllw  gnxiiTrrrxf.-)  f)©cfsjj£is*i§    irid"oom8   s^^Siii  oT" 

ba&TSBal  8cf   osxjm  ©onecfslseT    ,qsia   od   qed-e   moi*];  jtxfoixo 

^i^sLsso'ito   iaetisjc!  t^cU  ctsri^  ^m/oitts  dou^  to  b&&£'ti6sis  at 

"SJbl'SEiif  ffi»£a  cj-o.ej'noo  eric?  oJ  awf)  I.too  5ectxi;Oilo  d-rcorfa   srtcf  rti 

teixifiv  XefiiTion  B  fcosoxs  :^Qa  a&ot  soitd  d^s  sd-oBdrreo  owd  gftx 

M.    i  .'   .sgsieqrtie  fcsol  'iii/l  d-wocfs  ■Y-C<^je'*'9'i9i(i 

^rilacf  '-al>«©I  ©rfd^  nx   gonstela&T:   riojtfe  %o  i>j8©d^8KJ:    t9'xoriri0xfd''tii'»i 

.:-(f)ii:J5d'a  s4d-  ciotl  bsxixaddo   ai   ^Ht&n&di  ioa£tt&lb  js  ax;o.[:i'©d--sl9fi 

erfct  lo  abBoI  exi-d'  ax  ecasdeiseT  erfd-  c*d   @fc;b   as  deoo  lo  d^iiloq 

^r:x©'JSJrid^  djcie-'X'xjyo  3nitJtsIj;/0'ixo  edS  bne  Xxoo  -&9d*i;jJO'si6  ■d-'xbrfiB 

ez^B.tbs>&!r:e:i'Ci£.  n»  lo  d'oylle  siid-  B.svig  noixiw  ecfslxs  noxd-ibioo  b 

„,...,.        .     r:BW,o5.io'i  SB  bed-sdg  scf  vfiefl  aixlT     .egsdlov  le  qed-s 

sffd-  d-jsrid-  el  a-axL^ra xJj)  Xylsaaoowa  I:©  noxiedx-ro  ©rid-  li" 

.,   to  nedmisa  £sMi^®^  s  o&al  beblvtb   ed  egaei:  "xeowq  dl£)n£0 

,   tQdmm  erid-    tXioldfixiev  lo  tod^Q:^L  ©vxese'igotq  pne  -^d  sq6d-e 

"iJLeri  ©no   ducf  scf  £>S8«  edslq  isXIo'atd'noo   srid  ixo   sd'Sfid'iKOO   Tto 

-.issoq  aX   dx  osx-i^osci"  §qeda"  lo  tedsusa  e^lsxsspo't  bias  sri^  lo 

d-srid   08   s£)BeX  ed-s-xaqsa  erid  as.   soaG&ztBQ'z  arid-   dBixtfts  Qd-  sXcT 

doel-.le   ©rid-  serf  di  ad'csdnoo  owd"  as^iixicf  miB  d-osdnoo  arid  n'eriw 

".esfidXov  fix  q&d-s  sdoxi)6ra'"i:©c^nx  nj?  lo 

.  fcii^ioisujoi'i :  '^ 

.•>80G  nx   snoXd-oxfbsT:   eLdB-^'isma'i- Qiiii^  ^.sr/a'  nssa   ea  .iixv   jI 

f)9nxjsd-cfo   ad  ybiii  aLoridsra  Xswsu  ridJtw  fiei^qraoo   bb.  sjur;tjBiaqqja.  Ip 

insfid   ^nivo'iq   eio'lod  .fcirts   swrcd  scf  asXqXonXiq  Qvocfs   orid-  IX 

-   ^  - 


therre tic ally  let  us  take  a  practical  example  simple  to 
understand  and  that  fits  Into  the  experience  of  most  elec- 
^'trical  men#  ^--i'  i^-'  :^i-r:  n^pi^jn^?  tv.-?.:i.    't   ^isd  \men  rt  '..mh.: 
We  Icnow  that  when  220  volts  prevailed  for  industrial  plant 
"lighting  it  was  customary  to  use  a  two  coll  transformer  for 
"•"feeding  circuits  requiring  110  volts.   Gradually  these 
^110  volt  circuits  grew  as  220  volt  lighting  apparatus  be- 
came more  difficult  to  obtain.   Most  of  us  remember  also 
■'how  it  was  Icnown  that  a  2  to  1  auto  transformer  would  pro- 
'  duce  this  220-110  transformation  at  half  the  cost  of  a  .  »- 
"regular"  transformer,  and  this  became  quite  the  usual 
thing  until  the  Underwriters  passed  their  150  volt  to 
ground  rule,  causing  the  retirement  of  these  auto-trans- 
formers.  An  auto  transformer  half  as  heavy  as  a  5"regular" 
'transformer  or  2.5  KW  frame  size  v/ould  care  for  5  KvV  of 
'"secondary  load  at  the  2  to  1  ratio.  Nov  in  dimming  lamps 
^-  we  have  the  condition  that  as  the  secondary  vx)ltage  goes 
^  down,  the  secondary  load  in  kilowatts  also  decreases  at  an 
even  more  rapid  rate.  To  illustrate:   At  half  voltage  a 
Tungsten  lamp  takes  only  65^  of  full  current  so  the 
power  is  at  the  rate  of  32,5,^  of  full  voltage  secondary 
power.  Now  inasmuch  as  the  auto-tr-nsformer  at  a  2  to  1 
ratio  need  be  only  1b  If  as  large  as  a  "regular"  transformer 
i^  is  plain  that  an  auto  transformer  to  operate  say  50  one 
hundred  watt  lamps  at  half  voltage  need  be  of  the  same  fraae 
size  as  a  "regular"  transformer  of  16,25^  of  5  KW,  That 
is  to  say,  any  800  watt  two-coil  transform.er  frame  rewound 
-  5  - 
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as  an  auto-transforirer  should  operate  5  ICY  of  lamps  at 
half  voltage  with  no  more  heating  than  it  had  when  a  two 
coil  800  watt  transfoi-ner. 

Reference  to  the  Tungsten  lamp  characteristic  curves  for 
other  voltages  shows  similar  results;  i.e.  that  the  "equiv- 
alent transformer"  ratinfl  of  the  device  v/ill  vary  from 
zero  at  full  voltage  (no  diEiming)  up  to  a  maximum  of  about 
17.5/0  of  the  lamp  ioad  rating  at  20/^  of  candle  power  and 
then  drop  off  to  11  percent  at  the  1  to  1/4  ratio  that  bare- 
ly causes  the  lamps  to  glow. 


•-V  .■■:\'^::'l-''\rif. 


fi\t 


:>j   ??■„  the  tr-u6    GENERAL  THEORY 


The  curves  on  drawing  No.  673  show  these  relations.   As 
the  principle  reference  or  variable  is  the  "Candle  Power 
of  Lamps"  it  is  best  to  refer  all  factors  as  candle  power 
is  altered  to  their  value  as  a  percent  of  their  value  at 
full  candle  pov;er» 

The  curves  Rg,  Ig^  and  "volts  at  lamps",  representing  re* 
si  stance,  current  and  voltage  at  lamps  v/ith  variable  candle 
power  are  taken  from  the  Mazda  Lamp  Engineering  Data  Book 
and  provide  the  starting  point.   Eg  ojl/ "volts  in  transform.- 
er"  is  slightly  higher  due  to  resistance  in  leads.   Second- 
ary watts  Eg  Ig  is  directly  plotted  and  as  the  primary 
voltage  is  constant  this  cur-ve  will  also  represent  percent- 
age variation  of  prim.ary  current,  neglecting  slight  inter- 
nal losses.  The  watts  transformed  which  represents  the  ■'  ' 
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electro  magnetic  work  done  in  the  device  and  is  a   ^.^ 
measure  of  its  weight  and  cost  can  now  be  obtained 
by  first  determining  the  current  in  the  secondary 
part  of  the  coil  from  the  following  relation:    ^  ,  y^^.,., 


E.-Esjl^    '  ^^^^^ 


or 


I-l 


^-lU 


■^ 


This  value  I   is  shovm  on  the  chart  and  by  multiplying 
so 

by  E  the  true  electro-m-agnetic  transformation  in  the 
device  is  obtained.   This  is  plotted  on  a  double  sized 
scale  of  abscissa  to  show  its  detail* 

A  study  of  the  internal  currents  at  the  various  ratios 
of  transforma-tion  si  ow  also  that  considerable  economy  of 
copper  may  be  had  by  dividing  the  coil  into  three  sections 
in  large  auto-transformers  and  in  two  sections  in  smaller 
ones. 

The  proof  of  the  principle  that  the  addition  of  resistance 
leads  am.ounts  to  the  same  thing  as  an  intermediate  point 
of  dimming  is  easily  shown  by  applying  K*rchoff«s  laws  to 
the  branch  circuit.  Assume  in  the  diagram  below  for  exam- 
ple the  conditions  at  point  18  and  19  of  the  transformer 
v/hose  design  is  shown  in  the  drawing.  '  "  •  ,  ^ ■'••"•<*'>;':'  'v:-c. 

I'Vhen  the  brush  is  on  point  18  the  actual  volts  v/ill  be  the 
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generated  volts  less  the  drop  In  resistance  lead  or   '"' 
7P  -  24X.07  or  77.5  volts.   \Ylieh  on  point  19  it  will  be 
76  -  25X..08  or  74,1  volts,        •    -   • 
When  the  tvio  points  are  short  circuited,  if  we  let  x  ""'^"" 
equal  amperes  through  ACB  (See  diagram)  and  Y  equal  amp- 
eres through  AB,  then -«  ■"'-  ^■■3  S  "'■"'  '  ""-        '   " 
■'•e«j  i.r      X+H  "  ^^  -^  let  us  say    ''''■  '■  --"•'  -'^•■^* 
(See  chfirt  for  value  of  !„   '■■  :'^^' 


'\X 


0'"/A" 


Ti 


-3  +.07  X   =    .o8j/ 

equalizing  volt  drop 


D- 76.7  V 


and  the  volts  at  teiTninal  is  76,7 

This  is  not  half  way  between  but  it  is  enough  of  a  jump 
to  materially  improve  the  action  of  the  device.   The  rela- 
tive position  that  this  figure  has  to  the  volts  at  adja- 
cent points  cannot  be  altered  much  by  wide  variations  of 
resistance  in  the  leads  provided  their  relative  value  is 
the  sarne, 

COMPARISON  OF  EGONO.vIY  OF  OPr.RATIOll  WITH  THAT  OF  RESISTANCE 

DIivlI'/IING, 

The  saving  in  power  due  to  the  use  of  this  device  for  the 
purpose  of  diKJring  as  compared  with  the  usual  method  of 
dimming  with  resistance  plates  is  easily  read  directly  from 
the  characteristic  curve.   Thus  the  curve  of  Secondary  Amp» 
variation  Ig  is  also  the  curve  of  variation  of  total  power 
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input  at  the  various  candle  powers  if  resistance  dinming 
be  used*  The  curve  of  power  input  when  induction  device 
is  used  is  that  shown  on  the  chart  as  "Secondary  'Vatts." 
Therefore  the  savins  of  this  device  as  compared  with  re- 
sistance dimming  is  measured  hy  the  horizontal  distance 
betv/een  the  curves  of  I^  and  Eg  Ig  and  may  be  directly 
read  from  the  cijirve  sheet  as  a  percent  of  the  full  candle 
power  wattage  of  the  bank  of  lamps,  as  for  instance: 

WATTS  LOST  IN  DIKILIIKG  BY  THE  RESISTANCE  METHOD 
AS  A  PERCENTAGE  OF  TOTAL  WATTAGE  OF  THE  LAI.:PS 
AT  PULL  CANDLE  POWER« 

This  amount  is  saved  in  device  under  discussion. 

Candle  Power  of  Lamps        Percent  of  full  candle  power 

wattage  of  lamp  bank* 

80  5 

eO^e  t;^  '^  U.?.r  tli'j    :::-.v-  ■  .        '::"•..  .- '■'■^-  ]_t    =; »  ;()  :'..  •■j  p^r 

40  17.5 

10  .35 

0  (barely  glow)  '■■n  i  :.'■'■'■   ■"■-vu:i_     55    ■••  'ov  :•  ■   .■;:-•..' 

The  above  factors  give  the  quickest  way  of  determining 
the  watts  saved  by  the  device  under  discussion  for  any  con- 
dition of  candle  power  of  the  lam.ps.   It  does  not  however 
show  the  true  percentage  of  amount  saved  of  the  proposed  de- 
vice as  compared  v/ith  resistance  dinmingo  The  letter  per- 
centage is  oj?  course,  for  any  given  candle  power- 

?,  0" 
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V/atts  used  by  _  Watts  used  by    uni'itr  what 

resistance        method     "  induction     method 

rh&     .■♦on-'.  fOl 

XlOO 

Watts  used  by 
resistance  method   ;=*:n  iu.I  I  voltaje  Ia  (\fi p, i-- -jcX 

v/hich  is  given  in  table  below:  ci  tos-jea  of  vni» 

PERCENTAGE  OP  SAVING  OF  DHVICE  UNDER  DISCUSSION 
AS  COMPARED  Y/ITH  RESISTANCE  METHOD 


Fo:-  'Candle  Power     ;•','•■■;  ,'.  ■?,     Percent  h\X 

of  Lamps  power  saved 

100^  '         0 

60  '   12,0 

40  ;^.'.^>    ;.  ■;   :  •:  '*^.  -   20.4    ^o  ^-l^^'ft  H    \va8 

20  ?6,2 

10  '*^;  >•  49.0    ptra..«ted  ffOTj. 

0  (barely  glow)         70.0 

•-"' '  Now  in  the  actual  operation  of  a  dimming  bank  in  a  theatre 

the  time  that  the  handles  arc  set  to  produce  60  to  80  per 

cent  of  candle  poY/er  is  very  small  indeed,  being  only  in 

the  transition  down  to  the  usual  "Dim"  of  a  darkened  stage 

and  the  majority  of  the  time  tliat  the  dim.ming  handles  are 
,f, 

in  use  at  all  will  find  them  somev/here  in  the  lower  ranges 

of  candle  power.  The  saving  at  these  ranges  is  seen  from 

the  table  to  be  quite  marked. 

All  of  the  above  refer  to  power  savings  and  do  not  show 

energy  saving  for  a  cycle  of  the  show.  The  latter  is  more 

difficult  to  estimate,  and  in  fact  cejinot  be  done,  of 

course,  unless  the  time-dim  requirer^ents  for  the  shrw  are 

known.  There  is  one  phase  of  it  hav ever  that  bears  invest- 
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igation  at  this  point  and  that  is  to  determine  under  what 
condition  it  Is  best  to  go  to  the  complication  on  the  control 
device  of  having  an  auxiliary  arm  that  will  cut  out  the  auto- 
transformer  from  the  circuit  when  full  voltage  is  desired 
thus  eliminating  the  open  circuit  core  losses  of  the 
device.                  .,,    .  ,     .       ., 

For  instance,  if  the  device  is  accross  the  line  during  all 
the  time  that  the  bank  of  lamps  is  on,  even  though  steady 
burning  at  full  voltage,  the  energy  loss  in  the  device  will 
be  the  kilowatt  hours  lost  in  the  core  for  the  time  it  was 
connected.  This  energy  of  course  must  be  subtracted  from 
the  energy  saved  by  the  device  during  the  tine  bank  is 
dimmed. 

In  the  design  of  auto-transformer  shown  on  the  drawi:ig, 
which  is  typical  of  v/hat  m.ay  be  expected  of  devices  of  this 
character  the  core  loss  at  60  C3rcles  is  at  the  rate  of  14 
watts,  or  14  watt  hrs.  per  hr.  At  20/$  candle  power  14  watt 
hrs«  is  saved  as  compared  with  resistance  dimming  in  55 
seconds.  We  therefore  conclude  that  the  point  at  which  the 
saving  equals  the  losses  in  the  device  v;ill  be  reached  if 
the  dimmer  is  in  use  to  produce  20^o  full  candle  power 
55/3600  of  the  time;  i.e.  1.5/^  of  the  tirre.,  The  conclusion 
as  to  whether  the  expense  of  an  extra  arm  on  the  control 
device  is  justified  v/ill  therefore  depend  upon  the  character 

of  the  tiFe-dlm  curve,  and  the  reasoning  for  determining 
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the  answer  in  any  particular  case  is  augsested  sufficiently 
in  the  above.   For  the  usual  photoplay  house  ot-  theatre 
the  economics  of  the  proi^osition  will  shov;  that  such  an 

additional  arm  to  eliminate  core  losses  when  the  lanp  bank 

'  t* 
is  burning  full  voltage  is  justified  as  it  will  save  its'" 

cost  in  about  a  year,  but  that  for  lodges,  school:;  and 
places  where  the  productions  are  intermittent  it  is  a  need* 
less  and  uneconomic  addition.  We  therefore  conclude  that 
in  the  manufacture  of  a  line  of  dimming  equipnent  embody-  ,, 
ing  the  device  under  discussion  an  auxiliary  arm  to  cut  out 
the  auto- trans former  when  lamps  are  at  full  voltage  will 
be  included  on  all  "theatre  type"  units  but  we  will  elimin- 
ate the  sane  from  all  "lodge  type"  units  -  to  use  the  par- ^, 
lance  of  the  resistance  dimmer  catalogs,  ._^  _, .  _       •,_ 

'-'■'     "    COMPARISON  OP  PIKST  COST  OF  DIMMING  "system''  ''^'^'^ 

US  DIG  THE  DEVICE  Ul^DSR  DISCUSSION  ■'.TTH  COST 
■'■"-•   OP  RESISTANCE  DIMluING.  "'    ~  -•--....:  . 

In  con  si  der  ing  this  matter  we  are  under' the  handicap  0^'^^''^ 

having  to  discuss  the  expected  cost  of  manufacture  of  the 

device  proposed  with  the  selling  price  to  switchboard 

manufacturers  of  resistance  dim.ming  equipment.  The  correct 

method  is  of  course  tc  compare  the  cost  to  make  the  nev/ 

device  with  he  cost  to  malce  the  old.   If  the  same  sub 

division  of  control  plates  and  flexibility  is  insisted  upon 

v/ith  the  new  system  as  with  the  old  (and  we  v/ill  show  later 

that  this  is  not  at  all  an  essential  premise)  the  best  way 

to  show  relative  sosts  is  to  take  a  typical  specification 
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'^"fo/^'^'theatre  and  compare  the  two.  For  purpose  of  dis- 
ctTSsion  let  us  take  the  case  of  the  Indiana  Theatre  at 
Terra  Haute,  Indiana  which  has  a  complete  schedule  of 
^dimrrvmg  apparatus  referred  to  in  Crofts  "Lighting  Circuits 
^and  Switches"   First  Ed.  pp  456-457.   ^ol.n*  wiv.h  nO 

^Thfe  cb^sV  of  operating  handles  and  interlocking  shafts  for 
■'  the  two  systems  rrr-y  be  said  to  be  the  same  with  the  advan- 
tage if  any  in  favor  of  the  induction  system.  This  is  for 
the  reason  that  the  largest  standard  resistance  theatre 
plate  is  ao  amps,  ^nd  for  dimrr.ing  say  the  white  circuit 
in  the  footlight  9000  watt  three  wire,  the  resistance  sys- 
tem will  require  four  plates  and  the  induction  system  only 
two  plates.  The  cost  of  tying  thede  plates  mechanically 

together  is  therefore  less  in  the  induction  system,  e^lso 

re 

less  support  and  room  on  the  board  is  required. 

The  cost  to  a  switchboard  manui'actuj?er  of  the  plates  only 
for  the  resistabce  dimming  system  of  the  Indiana  Theatre 
v/as  probably  about  $2060  the  same  comprising  59  plates. 
In  the  induction  system,  we  v/ould  tie  the  proscenium  strips 
to  the  foots  as  when  one  is  diirmed  the  other  id  dimmed, 
and  have  a  disconnect  between  them  on  the  low  voltage  side 
and  the  job  be  taken  care  of  with  the  following  equipment: 

amp  2  wire  control  olates   esch  wit?i  one 
2   60    "    "    "     "         "      "    "  "^^"'  S-e  ^^A  Coil 
■>2     30   "    "     "     "         "      "    "    "  ^'^     "    " 
5    30   "     »     "      "        '  '^""'  '   "     ".  "i^o  5.3   "     " 

7    60    "    "      "     »i    -      It       II     ,1    .,   c  A 
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The  niimber  of   controller  plate's    is    reduced  froin  59  to    ,.g 
34  as   compared  with   resistfnoe   system.  r;.^  >^ni>rt^^'9   are 


As  to  the  cost  of  these  devices  a  survey  with  a  small 

■  -I 
transformer  manufacturer  and  a  sv/itchboard  manufacturer 

seems  to  indicate  that  auto-ti^ansformer  coils  with  50 

taps,  providing  100  steps  of  dimming  may  be  had  for  prices 

V 
as  folio v/s  when  on  a  manufacturing  basis  of  at  least  a 

hundred  at  a  time: 

3.3  KVA  Coils  complete  in  case  §14,50  each 

....      «       «     „  ^r;- ration  tft© 

6.6   «•    "     n       «     n   ^19,50  each 

11.0  "^    «'^   h       ,.    «    $25.50  each 


The  cost  of  50  point  control  plates  sinilar  to  illustra- 
tion but  with  auxiliary  cut  out  arm,  providing  100  steps 
of  dimming  is  estimated  on  the  s^me  production  basis  to  be 


J  -t   u^  .J  -a  K  T 


as  follows; 

■  •  ^  ."ub-'divislon  .iw  awit'iiiln/?  nc 

30  anp  plates   $20.00  each 

60  amp  plates   |;30.00  e?ch.  3  wire  controllers  double  price 

100  amp  plates  ^jiSO.OO  each. 

The  above  prices  are  selling  urices  to  an  assembler  therB«- 

fore  they  may  be  presumed  to  contain  a  factory  overhead  and 

•  •  ■■v..,iii  Cii.t^'.;i   p»,<i.i....,  '.iiki,^  C      ^'f.y.'-!   1^  I'kit,  i,ii,'     *;  J.  -■'■t'w 

small  profit. 

Applying  the  above  estimates  to  the  Indiana  Theatre  job 

we  have  for  apparatus  equivalent  to  that  fuinished  by  the 

resistance  dimmer  manufacturer  for  vp2060.00,  a  cost  of  yi413.00, 

or  a  saving  of  Sg547.00  in  first  cost  on  the  Indiana  Theatre 

Job. 

-  14  - 


aapljig,  t;o1  bsd  ©cf  ■^sat  artLinrtif)  Xo  aqsJ-e  001  3nxJbi:vp''iq    ^aqsct 
:S  ^sQal  :tB  "10  siasef  gixiijjciOfi'if/nBni  b  nio  asrfw  awpllo'i  ss 

'-'' dose  05. ^X#     93B0  III  ecf'slanioo   elfor  ■AV:f'  S",S 


rfojae  Od.©f|    ■'*' 


v»*.. 


n » D 


-eicf'ajjIXi:  ocJ-  -isIirKxe    seiBlq  IoT:d'noo  iiijtog  05  lo  d-jeoo  SffT 

sqeci-s  001  gnifciycnq    xtatn  isjo  d-wo  ■^•xfilllxos^ii^.iw— *fi:(J  noid- 

9d  od"  axascf  noictox;i)o«tq  9ai.Qg,  srid;,  no  fjsd'jemxd-es  ai   snlraflixfix'io 

do.Be  00»02.|       ssd-Blq  grae  OS 
oxT:q  alcSsjpb  stsll.oid-.aoo  o-i.lw  5     ,rfo..e8  00,OS|  ,    asctB,Cg;  .qfoe  09 

,4068  00,06^  eecJ-jsIq  qcrijB  001 
■"^a'xericf  isIctasasB  as  pit  asoliq  gxt-tXIes  aifi  aeoiftq  9vo<Ji5  sxiT 
bafi  bfiQcltQvo  Y'~o*s^':t  b  nxsd-noo  od".  Laraxresiq.  sd  .ys.^  ,'^®f^<f  9iol 

.  .  . ,      ,  V.  •^•t.'^o'^  I.J. .efrta 

.    cfoQ   9'ide9f{T  snsxfjnl  arid-  od-  aed-Bfijid-e©  svocTfi.arfd-  S'filTjJ.qqx\ 

Ofid-  Y'i  fo8f{3J:fj:afjl  d-srid-  od-   d-n8l.isv.twp9  euiBi.BqqB  lol  ©.veri  ,.©w 

■SXiMl  lo   d-KOO  B    .00»0a02<f?  'lol  isttrd-osLunsffl  'xsrrrmii)   sofiSd-aXesi 

aid-fiSxlT,  arxij-t.&nl  erfd-  no   d-goo   d-arcx'i  nx  OO^VM^;  lo  gnXvaa   jb  to 

.cfof 
-   J^X   - 


It  niust  be  recognized  that  in  the  above  we  are  comparing 

the  cotBts  to  a  switchboard  manufacturer.   The  chances  are 

that  the  resistance  dimmer  manufacturers  have  figured 

in  their  prices  considerably  more  overhead  and  profit  than 

the  small  manufacturer  who  would  make  auto-transform.ers 

ani  control  plates  on  sub-contract  so  that  if  absolute  costs, 

labor, and  material  were  compared  the  advantage  shovm  b^*- 

induction  apparatus  might  be  wiped  out, 

1  ..■.■■,■  .  '  ..'.      ■    .-1  ■■■- 

Even  so  the  cor'.parison  is  c^ulte  favorable  indeed  as  it  is 
apparent  froii:  the  savings  fo  be  expected  in  operation  the 
induction  apparatus  should  command  a  much  higher  price  in 
the  market,  ...i.  ■■'■■'  ■■■.-  ].r   -■  bei'  ?i  l,»  ^ov&s.   vfti:?t 

It  v/ill  be  recalled  that  the  preceding  comparison  is  based 
upon  equal  fllexibility.   As  a  matter  of  fact,  however,  the 
flexibility  of  stage  lighting  is  in  some  respects  merely 
an  after  effect  of  the  great  sub-division  in  switching  necess* 
ary  due  to  the  fact  that  dimmer  plates  cannot  be  made  larger 
than  30  amps,  under  ordinary  space  limitations  (The  '.Vard 
Leonard  Company  has  just  announced  its  Jargest  continuous 
diimner  plate  is  reduced  to  27  amps,)  and  also  that  in  the 
resistance  system,  each  plate  must  have  a  rating  exactly  cor- 
responding to  the  rating6f  the  load  to  which  it  is  connected, 
in  the  induction  system  proposed  no  such  limitation  exists 
as  a  100  amp.  control  plate  and  11  KVA  coil  will  dim  one  50 
v/att  lamp  as  efficiently  and  v/ith  the  same  gradation  .f  con- 
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trol  as  it  will  cars  for  11,000  watts.   It  will  thus  be 
seen  that  considerable  simplification  and  consolidf^tion  may 
be  permitted  and  at  great  sat^ings  of  cost  by  using  central- 
ip^ed  induction  \inits  and  disconnecting  switches  on  the  low 
voltage  side.  For  instance  in  the  Indiana  Theatre  job  pre- 
viously considered,  there  is  no  good  reason  why  all.  1  the 
amber  house  lights  should  not  be  on  one  three  wire  control 
plats  and  disconnecting  switches  placed  on  the  low  voltage 
side  to  eliminate  one  or  all  of  balustrades,  and  oriole 
grills.   It  is  inconceivable  that  there  v/ould  be  any  prac- 
tical reason  for  wanting  to  dim  the  balustrade  ambers  "tiip" 
while  dimming  the  oriole  grill  ambers  "do).vn",  or  to  dim 
either  at  a  different  rate  than  the  amber  side  coves.  What 
is  wanted  is  to  be  able  to  dim, any  combination  of  the  three 
up  or  down  and  to  eliminate  one  or  two  from  the  three  at 
will.  This  is  easy  to  do  by  the  proposed. device. 

Whereas  the  Indiana  Theatre  schedule  shows  ^nly  a  front  and 
back  border  which  probably  should  be  separated  so  one  can 
be  dimmed  "up"  while  one  is  dimmed  "down"  such  a  dondition 
would  be  aim.plified  in  a  larger  stage  with  4  to  6  borders. 
For  instance  Border  ITo.  one  could  have  one  control  equip- 
ment.  Borddr  lloo  2  and  TIo.  3  could  be  consolidated  on  one 
control  plate  v/ith  disconnecting  switches  on  the  low  voltage 
side.   Similarly  Bourder  No.  4  and  5  could  be  consolidated  on 
one  control  plate.   Such  a  plan  would  provide  all  the  flex- 
ibility that  one  has  renson  to  expect, 
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In' the  case  of  the  pockets  'and  cradle  spot  d5.inniers  a  most 
important  condition  must  be  examined.   The  diuiuer  on  the 
beard  is  arranged  to  carry  the  maximim  load  thPt  it  is  ex- 
pected the  pockets  will  ever  have  connected  to  them  at 
one  time.   If  it  is  desired  to  obtain <=c curate  dimming  from 
"V'pocket  in  only  one  or  two  places  such  as  for  a  couple  of 
500  watt  spots  it  is  customary  practice  to  do  what  is 
called  "load  up  the  pockets"  by  inserting  a  battery  of  . 
large  Olivette  lights  in  the  other  pockets  and  turning  their 
face  to  the  wall  thus  causing  an  outright  waste  of  the  * 
electricity  they  use.   All  this  ?/ould  be  avoided  by  tne 
induction  apparatus.  The  chances  are  that  the  most  fer- 
tile field  for  the  sale  of  the  new  device  would  be  f  ji.md 
in  replacement  of  existing  resistance  dimmers  on  the  pocket 
and  cradle  spot  panels  of  existing  switchboards.   This 
lYould  be  so  obvious  that  the  trade  should  take  to  It  readily 
and  it  would  be  a  good  preliminary  to  campaigning  for  gen- 
eral replacement  of  the  entire  board. 

■■■^■•i:    i-hn   rrr'?»or  of 

,  ^^    COKSOLIDATIOi:  OF  SY3'i'r.M  OF  GOHTROLLH-:  PLATES 
-.H.i<.,l^      TO  OIIE  OK  LIORE  AUTO-TRANSP0RM?JRS,  'he 

It  is  to  be  observed  that  thare  is  nothing;;  to  prevent  more 
than  one  controller  plat  being  connected  to  a  single 
auto  transformer.   For  instance  in  a  theatre  there  may  be 
only  four  such  auto  transfomners,  two  for  the  s/tage  lighting 
and  two  for  the  xiouse  lighting,  each  one  connected  to  oppo- 
site sides  of  a  three  wire  system.   If  these  are  of  suffi- 
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cient  size  they  will  handle  all  the  contriller  plates. 

There  is,  however,  an  objection  to  this  plan  in  that 

if  o :'.e  trans fomer  should  burn-out  whole  sections  of 

the  theatre   .vould  be  inoperative;    furthemoi^e   as   the 

various    sections  of  the   coils   in  the   auto-ti-ans former 

were  short  circuited  by  the  various  controller  plate  arms 

bridging  adjacent  contacts  there  would  be  a  variation  of 

voltage  on  everything  connected  to  that  auto-transformer. 

To  talce  nn  extreme  case  of  a  50  point  transformer  feeding 

50  controller  plates,  each  controller  might  be  bridging  a 

different  coil  from  any  of  the  othei^s.   In  such  cpse  the 

current  in  the  winding  would  be  so  great  that  the  s  upply 

would  be  so  heavily  dravim  upon  to  m.aintain  any  semblance  of 

voltage  that  primary  fuses  would  certainly  blow. 

^  ThJ .? 

Tov.  DISCUSSIJK  OP  NTOBSR  POINTS  OR  STEPS  '•^''  -^  c  • -r  J - 
OF  DIMMING. 

Resistance  dimm.ers  have  an  arrangement  of  steps  the  number 
of  which  is  dictated  by  t'.vo  considerations;  the  number  of 
candle  po-.ver  steps  necessary  to  prevent  jumping,  and  the 
limitations  of  the  area  of  a  radiating  disk  housing  the  re- 
sistance coil.  For  some  time  the  writer  has  suspected  that 
there  is  no  real  reason  for  having  as  many  steps  of  diraiiing 
as  provided  by  the  commercial  resistance  dimmers  from  the    -^ 
standpoint  of  candle  power  jumps.  Tests  made  on  resistance 
dimmer  plates  show  the  arrangement  to  be  based  upon  substan- 
tially equal  variations  of  candle  power  from  step  to  step. 
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It  would  appear  in  theory  that  the  nvimbcr  could  be 
reduced  by  having  each  step  bear  a  definite  ratio  to 
the  candle  power  of  the  step  adjacent:  that  is,,  use 
geometric  progression  instead  of  arithmetic.  This 
would  seera  to  be  expected  by  a  consideration  of  the  ■  :■ 'i'- 
physiology  of  the  sensation  of  jumping  of  lighting.  It  ..,, 
v/ould  appear  to  be  true  that  within  the  ranges  of  normal 
illumination  with  no  glare  or  eye  strain  if  the  eye  could 
detect  a  variation  of  5%   im  illumination  from  a  normal 
and  could  not  detect  a  4:%   variation  from  a  normal,  then 
regardless  of  the  absolute  illumination  the  same  ratio 
would  prevail.   Experiment  seems  to  indicate  there  is 
some  truth  in  this  and  it  is  well  known  that  the  jumping 
sensation  in  dimning  of  existing  resistsjice  type  dimm-irs 
is  more  apparent  at  low  dimming  than  near  the  top.   This 
would  be  caused  by  th.  arithmetic  prqgression  of  candle 
power,  thus  if  the  steps  are  arranged  in  100  equal  pacts 
of  candle  pov/er  the  progression  from  step  5  to  4  is  an 
increase  of  33%  of  what  it  was  at  point  3  causing  a 
distinct  sensation  of  jump,  whereas  from  98  to  99  the 

variation  is  1%   or  drawn  too  fine. 

'  •.,■_...-...  ^y 

,  The  transformer  design  submitted  in  connection  herewith 
has  arithmetic  progression  by  equal  steps  from  lOOf-S  to  20^ 
candle  power,  thence  by  si^eps  of  half  as  great  to  zero  candle 
power.   Additional  devices  built  shov;  an  improvement  if  the 
steps  are  divided  geometrically  dov/n  to  about  10^  of  candle 
power  thBDce  arithmetically  iBor  the  balance  to  avoid  the 
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number  of  steps  becoming   infinite. 

It   is    also    found  tliat   the  numbc^i'   of   steps   necessary  for 
w.iite  dimming   is  not   the    same  as   needed  for  colors.      Blue 
dimming  can   take   place   with  half  the   steps   of   vAaite  dimming 
due  to   the   tremendous   absorbtion  of  blue   color   screens. 
Red  is    so   colorful   that   it    seems   to  need  the  samie  number 
of   steps   as   white,   but  a   great   saving  can  be  made   in   con- 
troller manufacturing   cost    if    the    steps    for  the  blues   are 
reduced  one  half,        ^^f -t:  ,■,.-,  r.  or    ■••jin  ••  •'■(••■rv-'^  ■•    :':'Itif    i  -ir" 

>-Ln'ic-  ;r---Mt.-.--  ^   CLAIMS  TO  ORIGINALITY  ,    ^-^-.,.  „,,..  ,.,,  ,  . 

In  the  preceding  discussion  it  is  evident  that  claims  for 
apparatus  as  well  as  a  complete  com.binatlon  or  system  can  be 
made  embodying  the  entire  use  of  the  device  for  dimming  lamps 
or  regulating  voltage  on  other  devices  that  have  similar  ap- 
proximiately  constant  resistances.  The  auto-transformer  is 
old,  but  its  use  in  such  a  combination  involving  resistance 
in  the  leads,  the  auxiliary  cut  out  arm,  ar.d  on  a  lamp  bank 
is  new.   Analyzing  the  situation  the  vriter  would  claim  to  be 
new  as  follows :- 

(1)   In  an  auto  transformer  or  transformer  a  multiplicity  of 
taps  each  giving  different  terminal  voltages  with r esistqnce 
inserted  in  each  lead  of  such  value  as  to  substantially  limit 
the  current  in  the  part  of  coil  of  transformer  or  auto-trans- 
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^former  between  any  tw©  such  adjacent  taps  to  such    ^o.  >,., 
^  fiBiount  as  will  not  cause  undue  heating  or  humming  in-.  ?.c  ;,; 
^said  ccilf       .   ■.    v*      ''     ^  •   ':•:■■■'•>  '   -CiM^j" 
.  (5)  In  an  OTyto  transfomier  or  transforiTjer  a  multiplicity  - 
; of  taps  each  giving  different  terminal  voltages  with  resist- 
ance inserted  in  each  lead  of  such  value  that  errors  in 
winding  transformer  to  produce  a  predetermined  terminal  V.  ■:  r 
voltage  may  he  corrected  by  alteration  of  resistance  in 
said  tap.        t     -   ■-  ^  ■^.-.- ■-■•■■- ^- ■.  -     ■_..:...    .    ....t  v  ?  -  .  •  _  .  ^.^ 

(4)  In  an  auto-transformer  or  transformer  a  multiplicity  ■-'"-'■■•  i^^'^r-- 
of  taps  each  giving  different  terminal  voltage  with  resist-  (ijO 
ance  inserted  in  each  lead  of  such  value  that  when  any  tv/o  ■,<.%, 
such  adjacent  taps  are  connected  to  one  or  more  switch   .,  -i^.f 
contacts  or  arms  the  voltage  at  any  such  contact  will  be  '  - 
intermediate  between  the  voltage  at  each  adjacent  tap  when 
said  contact  is  not  connected  to  said  adjacent  taps,  ■•    'r  ^ 
(5J  An  autoptransforner  or  transformer  having  a  multiplicity 
of  taps  each  one  with  oi*  without  resistance  in  leads,  one 
or  more  controller  plate  to  connect  leads  therewith  to  each 
tap  successively  each  said  load  to  be  substantially  non-induc- 
tive and  having  its  internal  resistance  from  the  nature  there- 
of vary  within  a  range  of  from  55;^^  of  ita  maxinum  value  when 
connected  v;ith  any  said  tap  to  said  maximum  ^ralue,  as  said 
loads  are  connected  successively  to  said  taps,  -  -  -  .  »  -■  ^.,--,. 
(6)  Psi   auto  transfoimer  or  transformer  having  a  fiiultiplicity-^  > 
of  taps  each  one  with  or  without  resistance  in  leads  the  •,  i 
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ari-angeF.ent  and  connection  of  said  tt-ps  ti»  being  such  that  the 
terminal  voltage  will  procress  successively  froiTi  e  aoh  tap  to 
the  one  adjacent  thereto  so  that  the  candle  pow  r  of  a  lamp 
bank  connected  to  such  device  will  vary  in  substantially  e^al 
steps  of  osndle  powor  from  maximum  to  minimum  or  vice  versa 
as  connection  is  made  successively  from  tap  to  tap  singly  and 
individually  the  intermediate  step  of  candle  pov/er  when  the 
connecting  device  is  on  two  adjacent  points  of  the  controller 
is  unequal 0 

(7)  An  auto-trans form.er  or  transformer  raving  a  multiplicity 

of  taps  each  one  with  or  without  resistance  in  leads  the  arrange- 
m.ent  and  conr.ectior  af  said  taps  4«  being  such  that  the  terminal 
voltage  will  progress  successively  from  e&ch  tap  to  the  one  adja- 
cent thereto  so  that  the  ca.ndle  power  of  a  lamp  bank  connected 
to  such  device  will  izary  in  substantially  steps  of  geometric 
progression  of  candle  po  er  from  maximum  to  minimum  or  vice 
versa  as  connection  is  made  successively  from  tap  to  tap  singly 
and  individually  even  though  the  intermediate  step  of  candle 
power  when  the  connecting  device  is  on  two  adjacent  points  of 
the  controller  may  not  so  vary.   '  '  '  '  "  '■'^''■ 

(8)  An  auto  transformer  or  transformer  having  a  multiplicity 

of  taps  each  one  with  or  without  resistance  in  lea^^s,  one  or 

m.ore  controller  plates  to  c  onnect  ioads,  therewith  to  each  -^  ■  * 

tap  successively,  a  switch  interlocked  with  the  operating  of 

mechanism.. said   controller    relates    so   arranged  that    said  auto-       .r 

transformer    or   transformer  may  be   connected  to    or  disconnected 

from  supply  circuit   without   any  disconnection  of   the   several 

loads  from  the   supply  circuit. 
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APPENDIX  A 

Watts  lost  in  Leads  and  Overall  Efficiency 
In  the  course  of  development  of  actiial  apparatus  erntDody- 
ing  the  preceding  principles  it  war  apparent  that  sone  calcu- 
lating was  necessary  for  proper  proportioning;  of  resistance  in 
leads  so  that  the  watts  dissipated  therein,  particularly  at  cer- 
tain steps,  v/ould  avoid  operating  at  a  temperature  higher  than 
safe  for  the  resistance  material. 

The  curve  sbeet  attached  shows  details  of  the' arrange- 
ment of  steps  on  a  commercial  line  of  plates,  and  the  formula 
for  maximum  watts  dissipated  in  leads  is  developed  anri  shown 
in  the  lower  right  corner  thereof.  The  table  shows  the  deter- 
mining factors  for  the  design  of  the  resistances;  viz.  ohm.s 
and  watts  dissipated.  Any  alloy  used  for  the  coils  has 
characteristics  obtainable  from,  the  m.anufacturer  as  to  watts 
th9t  may  be  radiated  per  foot  for  the  various  sizds  of  wire. 

-»,  ,  It  is  a  tv/o  to  one  chance  that  the  operator  v;ill  keep 
the  controller  arm  bridging  two  adjacent  points  sc  this  loss 
..in  leads  due  to  circulating  current  is  the  main  factor  in 
calculating  the  ef :i ciency  of  the  device.   At  toss  than   r^ 
4^  candle  power  it  is  the  worst  with  a  loss  of  Z,2%   of  fi.ill 
voltage  lagjp  banV  rating  or  !?>%   of  tlje  power  used  by  the  -^  . 
lamps  at  5^  of  full  c-?ndle  power.   At  half  candle  pov/er  it  is 
9/10  of  Ifo   of  full  voltage  lamp  bank  rating  or  1.25J^  of  power 
used  by  lamps  at  that  candle  power.         ',  •        .  ».  ,.  ,j. 

The  curve  also  shows  the  arrangement  of  steps  by  geometric 
progression  v/ith  arithmetic  progresr.ion  in  the  lower  part# 
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-aPPEMDIX  b 
U3E  OF  lOTUCTIVS  REACTAI^'CE  IN  PLACE  OF  RE3I3TAITCS. 

The  control  of  tne  short  circuit  current  ruay  also  be  had  by 
cauairii;  each  lead  to  loop  around  an  iron  core  either  inside  or  outeide 
of  tne  trsui3for:Jar  shell,  thus  considerably  ai:nplifyin3  t!ie  control 
mechinisra.   A  rsuige  of  inductance  from  ,07  to  ,28  mil  henrys  for  the 
30  arop.  unit  for  ttie  ya,i;ious  leads  is  satisfactory  <vit;i  half  tnis  for 
the  60  amp.  unit  and  three-tenths  of  same  fer  the  100  amp.  unit.   Cal- 
culation will  3;  o>v  t  is  raay  be  obtained  by  two  or  three  turns  artund 
a  core  of  iron  ..ire  a,nd  one  cure  will.  d,o  for  all  of  the  leads  which 
can  DC  wound  axially  thereon.   Thisji  dcyjia^ihlould  preferably  be  placed 
inside  tiie  transforraer  case  so  it  can  be  liapregnated  tc  avoid  hu.'n::.ing 
when  load  current  causes  it  to  be  'iiagnetised. 

7e  thus  arrive  ljy7^iiie.what  devious  routing  to  an  e  tceedinjly 
siaiple  article,  but  it  is  'tyTics,!  of  the  inventive  process.  Each  of 
the  claims  to  oriiginality ,  except  Wo-.  ':4W  should  be  modified  to  read 
"reactance  or  resistance"  where  it  now  reads  "resistance",  and  the 
construction  of  this  inductive  reactance  as  an  integral  part  cf  the 
transf  orfjer ,  '.vith  one  core  doinj  for  all  the  leads,  shculd  "oe  included 
separately.   It  is  .ilso  possible  to  combine  the  ,twc  inagnetomotive 
circu..t3  of  the  autc  transformer  and  the  control  reactances  into  one 
shell  type  stamping. 

For  tneatre  stage  use  where  tiie  intermediate  step  of  voltage, 
when  contacts  are  bridged,  is  important,  as  more  perfectly  graduating 
the  candle  power,  the  resistance  nietiod  of  controlling  the  sliort  circuit 
current  shculd  be  adhered  to,  as  this  effect  is  not  had  if  inductance 
be  used. 
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2903   Foxest   Ave., 
Berkeley,   Calif. 

To  the  President   and 
Faculty  of  the  Department  of 
Electrical  Sngineering, 
Aimour  Institute  of  Technology, 
Chicago     111. 

Gentlemen: 

I  submit  herewith  a  tliesis  entitled,    "The 
Adaptation  of  the  llulti -Tapped  Auto   Transfoxmer  to 
Dimming  of  Incandescent   Lamps"   and  xequest  that  you 
consider  this  in  detexmining  my  qualifications  for 
an  advanced   degree. 


itespeot fully  yours 


B.S.    in  E.E.       1909 


Jan.    1$th.    1926 
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THE  ADAPT  AT  I' >K  OP  THE  MULTI-TAPPED  AUTO  • 

TRANSFORMER  TO  DIMRING  OP        i.>-..,  ,-^'f**«!+-  af 
INCANDESCENT  LAMPS 

-  BY  - 
Tr&oy  'iiV«  Sixapsozi*  •  '*':;'rt»«n.t 


The  prevailing  plan  of  dimming  lamps  in  theatres  is  by   ^ 
tbe  resistance  method  and  with  the  demand  for  flexibility 
tn  control  these  dimming  "banks"  are  elaborate  affairs  ^^ 
often  having  one  hundred  or  more  "plates"  or  separate  #«^ted 
control  devices.  The  energy  loss  is  considerable,  some 
studies  showing  one  fourth  of  the  electrical  energy,,.  „^^ 
used  by  an  average  theatre  as  lost  in  heat  in  the  dimming. 

bank.    ^^^_^ ^(SOSEPfc..  ^,  -^^ .  .s^  .».w 

With  such  a  conditloii  it  is  not  surprising  that  a  solution 
hAs  been  sought  in  the  field  of  induction  or  transformer 
voltage  regulation.  The  earliest  dimmers  were  of  the  leak- 
age reactance  type  similar  to  "tub"  or  constant  current 
transformers.  These  were  bulky  and  expensive  and  liad  an 
objectionable  hum.  Attempts  have  been  made  to  vary  an  air 
gap  in  a  two  coij.  transformer  to  accomplish  a  similar  re-  ^ 
suit.  The  most  elaborate  commercial  apparatus  now  in  use 
is  tfie  Ward^-  Leonard  Reactance  system  comprising  a  two 
coil  core  type  transformer  for  each  section  of  the  load  to 
be  aontrolled.  An  auxiliary  third  coil  is  wound  on  the 
core  which  is  connected  to  a  variable  source  of  direct   ^^^ 
current  supply,  and  by  causing  direct  current  to  traverse 
the  coil  the  iron  of  the  transformer  becomes  subjected  to 
a  saturation  as  a  result  of  the  positive  magneto  motive 
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force  of  the  direct  current  coll.  This  has  the  effect  of 
moving  the  horizontal  or  zero  line  of  the  B-H  ctirve  upwards 
so  that  the  variation  of  the  primajry  ftltornatlng  current 
magnetomotive  force  produces  for  less  variation  In  the 
lines  threading  the  secondary  than  ordinarily  prevail.  By 
altering  the  direct  cxirrent  the  secondary  voltage  is   "* 
altered  and  the  lamps  dimmed.  All  of  these  devices  have 
the  disadvantage  that  the  power  factor  is  seriously  affected 
and  when  one  realizes  that  a  modern  stage  uses  as  much  — 
energy  as  many  a  small  town  the  effect  of  such  leakage 
reactance  dimming  is  boxmd  to  be  apparent  sooner  or  later  *'* 
and  the  lighting  companies  will  take  cognizance  of  the  '""'^ 
situation.  '*  ^^^ 

The  greatest  obstacle  to  the  existing  methods  of  induction 
dimming  is  however  its  first  cost.  The  electrical  equip- 
ment of  a  modem  theatre  at  best  is  ^ften  as  costly  as  the 
building  shell  and  if  the  apparatus  nocesaaiY  for  induction 
dimming  on  present  lines  be  analyzed  the  cost  will  be 
found  to  be  not  far  from  twice  that  of  resistance  dimming. 
The  theatrical  business  seems  to  be  conducted  on  a  basis 
of  expected  short  time  life  due  to  changes  in  leaseholds, 
managing  syndicates  and  the  likej  and  the  relation  of 
operating  expense  to  first  cost  and  its  capitalization 
anA  amortization  over  a  long  period  of  years  Is  not  practiced 
as  it  is  In  the  more  stable  public  utility  business.  In  a 
word  the  theatre  man  must  have  low  first  cost  even  at  the 
expense  of  high  operating  costs.  Ii  an  economical  device 
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will  not  save  Its  cost  In  a  year  or  ao  the  theatre  ^^ 
owner  la  generally  not  Interested* 

AH  ORIGINAL  IHTESTIGATioN  OF  THE  PROBLEM 

In  casting  about  for  a  solution  for  this  situation  the 
writer  decided  to  investigate  the  auto  transformer  as 
it  is  well  knovm  that  this  device  is  inherently  cheap  to 
build  in  th  e  smaller  ratios  of  transformation  such  as 
prevail  in  dimming  a  bank  of  lamps;  i.e.  from  1  to  1 
down  to  a  1  to  a-1/4  ratio*  The  result  is  so  siirprisingly 
simple  that  it  is  hardly  believable  that  it  has  not  been 
considered  before*  Probably  it  has,  theoretically,  but  - 
it  was  doubtless  at  a  time  or  under  conditions  when  the  '**^'* 
crying  need  for  the  solution  of  the  problem  was  not  appar- 
ent* At  least  no  search  reveals  any  commercial  use  of 
the  plan,  and  the  writer  believe  the  general  scheme  with 
the  few  necessary  elements  to  the  combination  that  make  it 
a  practical  success  are  strictly  original*  e  crafe 

.^  "  /  t  "  -'t&wQ   It  1»  poasi- 
BRIEF  ST,\TEIENT  OF  THE  PRINCIPLE 

>.t.-^   ioetda  £•>  thi.t 
This  Is  as  followa:- 

"If  an  auto  transformer  be  built  with  a  multiplicity 
of  taps  and  connected  through  a  suitable  multi-point  con- 
troller to  a  bank  of  Tuggsten  lamps  said  auto-transformer 
need  not  be  in  size,  weiglit,  or  cost  greater  than  ONE-SIXTH 
of  a  regular  two  coll  transfonner  of  a  capacity  equally  cap- 
able of  handling  the  lamps*  " 

,...,..         ■^   and  b«^t»/  ■ 
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A  further  developnent  of  the  principle  is  covered  In  the 
loxiowlngi 

"To  instire  smooth,  graduated  dimming  with  closed 
Circuit  from  step  to  step,  resistance  wust  bo  inserted 
in  each  lead  of  such  amount  that  the  current  circulating 
in  the  short  circuited  coll  due  to  the  contact  arm  "bridg- 
ing two  contacts  at  once  does  not  exceed  a  normal  value^^^ 
preferably  about  full  lend  amperage,"  *"  ''"'   *'*«^*"^  ^^ 
Furthermore,  Instead  of  such  resistance  in  the  leads  being 
deleterious  a  distinct  benefit  is  obtained  fi»om  the  stand- 
point of  cost  as  di»  to  the  resistance  in  the  leads  of  the 
short  circuited  coll  and  the  circulating  current  therein, 
a  condition  exists  which  gives  the  effect  of  an  intermediate 
step  of  voltage.  This  may  be  stated  as  follows:-  ^'i. ^"*'»«''^«'*' 

"If  the  criterion  of  successful  dimming  is  that  the 
candle  pwoer  range  be  divided  into  a  certain  number  of  ■''* 
steps  by  any  progressive  method  of  variation,  the  number 
of  contacts  on  the  controller  plate  need  be  but  one  half 
of  the  said  requisite  number  of  "atep^  because  it  Is  possi- 
ble to  adjust  the  resistonce  in  the  separate  leads  so  that 
whan  the  contact  arm  bridges  t;vo  contacts  it  has  the  effect 
of  on  intermediate  step  in  voltage."   '■"*'«^* 

DISCUSSION  AND  RATIONALIZING  OF  THE  ABOVE 

CONCLUSIONS.  ^* 

It  will  be  seen  that  ^te   remarkable  reductions  in  cost    ^ 

of  apparatus  as  compared  with  usual  methods  may  be  obtained 

if  the  above  principles  be  true  and  before  proving  them 
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theoretically  let  us  take  a  practical  example  simple  to 
understand  and  that  fits  into  the  experience  of  moat  elec- 
trical men*  w  a  ^w^ 
We  know  that  when  220  volts  prevailed  for  industrial  plant 
lighting  it  was  custonaary  to  use  a  two  coll  transformer  for 
feeding  circuits  requiring  110  volts.  Gradually  these  .xy- 
110  Tolt  circuits  grew  as  220  volt  lighting  apparatus  be- 
came more  dlfi'ioult  to  obtain.  Moat  of  us  remember  also 
how  it  was  known  that  a  2  to  1  auto  transformer  would  pro** 
duoe  tills  220-110  transformation  at  half  the  cost  of  a  ,fty*- 
"regular"  transformer,  and  this  became  quite  the  usual 
thing  until  the  Underwriters  passed  their  150  volt  to 
ground  rulo,  causing  the  retirement  of  these  auto-trana- 
formers.  An  auto  transformer  half  as  heavy  as  a  5^regular 
trar.sf ormer  or  2.5  KW  frame  siise  would  care  for  5  X-S   of 
secondary  load  at  the  2  to  1  ratio.  No.v  in  dJjnming  lamps 
we  have  the  condition  that  as  the  secondary  voltage  goes 
down,  the  aocondasry  load  in  kilowatts  also  decreases  at  an 
avon  more  rapid  rate.  To  Illustrate:  At  half  voltage  a 
Tungsten  lamp  .akes  only  65^  of  full  current  so  the 
power  is  at  the  rate  of  32. 5J^  of  fiai  voltage  secondary 
power.  Mow  inasmuch  as  the  auto-tr;  nsf ormer  at  a  2  to  1 
ratio  need  be  only  ^a  If  as  large  es  a  "regular"  transformer 
i^  is  plain  that  an  auto  transformer  to  operate  say  50  one 
hundred  watt  lamps  at  halx'  voltage  need  be  of  the  same  fra«e 
size  as  a  "regular"  transformer  of  16.25^  of  5  Kt?.  That 
is  to  say,  any  800  watt  two-coll  transformer  frame  rewoimd 
-  5  - 
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as  an  auto-transformer  siioiild  operate  5  IC.V  of  lemps  at 
half  voltage  with  no  more  heating  than  it  had  when  a  two 
coil  800  watt  transformer. 

Reference  to  the  T\ingsten  lamp  characteristic  curves  for 
other  voltages  shows  similar  results;  i.e.  that  the  "equiv- 
alent transformer"  ratinC  of  the  device  will  vary  from 
zero  at  full  voltage  (no  dimming)  up  to  a  maximum  of  about 
17#5^  of  the  lamp  ioad  rating  at  205b  of  candle  power  and 
then  drop  off  to  11  percent  at  the  1  to  1/4  ratio  that  bare- 
ly causes  the  lamps  to  glow* 

by  X^  tJD.  GENERAL  THEORY  ^n«f or  - 

The  curves  on  drawing  No,  673  show  these  relations.  As 
the  principle  reference  or  variable  is  the  "Candle  Power 
of  Lamps"  it  is  best  to  refer  all  factors  as  candle  power 
Is  altered  to  their  value  as  a  percent  of  tlieir  value  at 
full  candle  power.         " 

The  ownres  R,,  Ig^  and  "volts  at  lamps",  representing  re* 
sistance,  current  and  voltage  at  lamps  witln  variable  candle 
power  are  taken  from  the  Mazda  Lamp  Engineering  Data  Book 
and  provide  the  starting  point.  Eg  ojt  "volts  in  transform- 
er" is  slightly  higher  due  to  resistance  in  leads.  Second- 
ary watts  Eg  Ig  is  directly  plotted  and  as  the  primary 
voltage  is  constant  this  ouive  will  also  represent  percent- 
age variation  of  primary  current,  neglecting  slight  Inter- 
nal losses.  The  watts  transformed  which  represents  the 
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electro  magnetic  work  done  In  the  device  and  Is  a   «st 
measure  of  Its  weight  and  cost  can  now  be  obtained 
by  first  determining  the  current  In  the  secondary 
part  of  the  coll  from  the  following  relation:    _.  ajaj).' 


I.c  =  (^-')JP 


f  ■  £  .a? 

This  value  I^^  is  shown  on  the  chart  and  by  miatlplylng 
by  Eg  the  true  electro -nagnetio  transformation  in  the 
device  Is  obtained.  This  Is  plotted  on  a  double  sized 
scale  of  abscissa  to  show  its  detail.         ^  . 
A  study  of  the  internal  currents  at  the  various  ratios  ^^ 
of  transformation  sxiow  also  that  considerable  economy  of 
copper  may  ce  had  by  dividing  the  coil  into  three  sections 
in  large  auto-transformers  and  in  two  sections  in  smaller 
ones  • 

The  proof  of  the  priitoiple  that  the  addition  of  resistance 
leads  amoimts  to  the  same  thing  as  an  intennedlate  point 
of  dlmmAiig  is  easily  shown  by  applying  Kerchoff»s  laws  to 
the  branch  circuit.  Assume  in  the  diagram  below  for  exam- 
ple the  conditions  at  point  18  and  19  of  the  transformer 
whose  design  is  shown  in  the  drawings  *^*^* 

When  the  bruwh  is  on  point  18  the  actual  volts  will  be  the 
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generated  Tolts  less  the  drop  In  resistance  lead  op 
79  -  24X.07  or  77,3  volts.  Y^lieh  on  point  19  It  will  be 
76  -  23X..08  or  74.1  volts,    .,  ,  ^  ^~^,.,..  ,w.„ 
When  the  two  points  are  short  clroulted,  if  we  let  X 
eqiial  anperes  through  ACB  (See  diagram)  and  Y  eqiial  amp- 
eres through  AB,  then  ,  ^^^   „,       ^, 

i.»*^  *    X+oj=Z3.5'  let  us  say  ,  ,4^,  nivNlJt^ 

pf>r  (See  chart  for  value  of  I,, 

equalizing  volt  drop   79 1/.  C 

and  the  volts  at  terminal  is  76.7 
This  is  not  half  way  between  but  it  is  enough  of  a  jximp 
to  materially  improve  the  action  of  the  device.  The  rela- 
tive position  that  tills  figure  has  to  the  volts  at  adja- 
cent points  oannot  be  altered  much  by  wide  variations  of 
resistance  In  the  leads  provided  their  relative  value  is 
the  sanie.    —  -  ©^-x.-  •..-  v--  ,. 

COMPARISON  OP  ECONOJiy  OF  OP.I^ATIOK  WITH  THAT  OF  RESISTANCE 

DIMMINO, 

The  saving  in  power  due  to  the  use  of  this  device  for  the 

purpose  of  di;jning  as  compared  with  the  usual  method  of 

dimming  with  real stance  plates  is  easily  read  directly  from 

the  characteristic  curve.  Thus  the  curve  of  Secondary  Amp. 

variation  Ig  is  also  the  curve  of  variation  of  total  power 
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Input  at  the  various  oandle  powers  If  reslatanoe  dlcming 
be  used.  The  curve  of  powor  Input  v/hen  Induction  device 
Is  used  is  Uiat  shown  on  the  chart  as  "Secondary  'Yatts," 
Therefore  the  savins  or  this  device  as  ooapared  with  re- 
sistance dirinlng  is  naasurod  by  the  horizontal  distance 
between  the  curves  of  Ig  and  Eg  Ig  and  may  be  directly 
read  from  the  curve  sheet  as  a  peroent  of  the  full  candle 
power  wattage  of  the  bank  of  lamps,  as  for  instance: 

WATTS  LOST  IN  DIML'ING  BY  THE  RESISTANCE  METHOD 
AS  A  PE'.CENTAGE  0'/  TOTAL  WATTAGE  OP  THE  LAIJPS 
AT  PULL  CANDLE  POvVER. 

This  amount  is  saved  in  device  under  discussion* 

Candle  Poiwer  of  Lamps  '''^'^ '*'   Percent  of  full  oandle  powor 

wattage  of  lamp  bank. 

40  17.5 

20  28 

0  (barely  glow)  56  "^ 

■■im.k^<Hi>   A  ... 
The  above  factors  give  the  quickest  way  of  deter;iining   .  .^.^ 

the  watts  saved  by  the  device  under  discussion  for  any  con- 
dition of  candle  power  of  the  lamps.  It  does  not  however 
show  the  true  percentage  of  amoijut  saved  of  the  proposed  de- 
vice as  compared  with  resistance  dimming.  The  latter  per- 
centage is  o  course,  for  any  given  candle  power 
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Watts  used  by  _       Watts  used  by 
resistance   method  "     Induction  method 
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Watts  used  by  ^ 

resistance  method 

^^      which  is  given  in  table  below: 

PERCMTAOE  OF  SAVING  OP  DlCVICE  UNDER  DISCUSSION 
^''  A3  GOMPABED  Y/ITH  RESISTANCE  METHOD 

Candle  Power   ^  ,   ^        Percent 
of  Larapa    *»vi««  U  m<.   power  saved 

IniriJ^tr^  «>*jjn.l  vc.Xiy««9*  th.^r  Sftj^r,-,  12,0  id^^''*?  Tif^Sl 

40  .  20.4 

>"^  20    *■    -'^'*^'"^   ^'^'^*'   ^^  *J*^-  *'23  36,2       »  tl»<? 

10  49,0 

c^.        0    (barely  gl(l#p''^®  f^^  70.0   vrACUA  fr«»  . 

Now  in  tho  actual  operation  of  a  dlinming  banl:  in  a  theatre 

the  time  that  the  handles  are  set  to  produce  60  to  80  per 
■^   cent  of  candle  power  to  very  small  indeed,  being  only  in 
^'      the  transition  down  to  the  usual  "Dim"  of  a  darkened  atage 

and  the  majority  of  the  Ume  that  tho  dimming  handles  aro 
*"*   in  use  at  all  will  find  them  somewhere  in  the  lower  ranges 
^       of  candle  power.  The  saving  at  these  ranges  is  seen  from 
**   the  table  to  be  quite  marked*  *»  -**«*  f^*-^**  «*  w**-»,iu*  W«# 
**'  All  of  the  above  refer  to  power  savings  and  do  not  show 
**'   energy  saving  for  a  cycle  of  the  show.  The  latter  la  more 
^^       difficult  to  estimate,  and  in  fact  cannot  be  done,  of 

course,  monies s  the  time-dim  requirenents  for  the  ah.w  are 
*  '   known.  There  is  one  phase  of  it  however  that  bears  invest- 

t^   itt-d  -  10  -         :J«t<](irartJQlng; 
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igatlon  at  this  point  and  that  Is  to  detornlno  under  what 
condition  it  is  best  to  go  tc  the  complication  on  tho  control 
device  of  having  an  arixlliaiTr  arm  Mir.t  ulll  cut  out  the  auto- 
transformer  from  the  oirouit  when  full  voltage  is  desired 
thus  eliminating  the  open  circuit  core  losses  of  the   ^ 

devioa*,,  ^*  -  ->-^  a...v>  itjr)n:a.7*j»lttaat  it  JU  ^   n^»A» 

For  instance,  if  the  device  is  accross  the  line  during  all^ 
the  time  that  the  hank  of  lamps  la  on,  even  though  steady  ^^^ 
burning  at  full  voltage,  the  energy  loss  in  the  device  will 
he  the  kilowatt  houra  lost  in  the  eore  for  the  time  it  was  ^^^ 
connected,  Tliis  energy  of  co^jrse  must  be  subtracted  from  , 
the  energy  saved  by  the  device  during  the  time  bank  is 
dicuned.      ..    , 

In  the  design  of  auto-transformer  shown  on  the  drari-.g, 
which  is  typical  of  what  may  be  expected  of  devices  of  this 
character  the  core  loss  at  60  cycles  is  at  the  rate  of  14 
watts,  or  14  watt  hrs«  per  hr.  At  20^  candle  power  14  watt 
hra*  is  saved  as  compared  with  resistance  dimming  in  55 
seconds.  We  therefore  conclude  that  the  point  at  which  the 
saving  equals  the  losses  in  the  devioe  will  be  reached  if 
the  dimmer  is  in  use  to  produce  20^  full  candle  power 
55/3600  of  the  time;  I.e.  1.5^  of  the  tina,.  The  oonoluslon 
as  to  whether  the  expense  of  an  extra  arm  on  the  oontrol 
device  is  justified  will  therefore  depend  upon  the  character 

of  the  time -dim  ctirve,  and  the  reasoning  for  determining 
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the  answer  in  any  particular  case  is  guggested  sufficiently 
in  the  above.  For  the  usual  photoplay  house  or  theatre 
the  economics  of  the  proposition  will  show  that  such  an 
additional  arm  to  eliminate  core  losses  when  the  lamp  bank 
Is  burning  full  voltage  is  justified  as  It  will  save  its 
cost  in  about  a  year,  but  that  for  lodges,  school:  and 
places  where  the  productions  are  intermittent  it  is  a  needi 
less  and  unecomomlc  addition.  We  therefore  conclude  that 
in  the  manufaot\ire  of  a  line  of  dimming  equipment  embody- 
ing the  device  under  discussion  an  auxiliary  arm  to  cut  out 
the  auto-transformer  when  lamps  are  at  full  voltage  will 
be  included  on  all  "theatre  type"  lonits  but  we  will  elimin- 
ate the  same  from  all  "lodge  type"  units  -  to  use  the  par- 
lance of  the  resistance  dimmer  catalogs^ 

COMPARISON  OF  FlhST  COST  OF  DIMMING  SYSTEM 
USING  TEE  DEVICE  UNDER  DISCUSSION  Y\IITH  COST 
OF  RESISTANCE  DIMLIING. 

In  consL  derlng  this  matter  we  are  imder  the  handicap  of 

having  to  discuss  the  expected  cost  of  manufacture  of  the 

device  proposed  with  the  selling  price  to  switchboard 

manufacturers  of  resistance  dimming  equipment.  The  correct 

method  is  of  course  to  compare  the  cost  to  make  the  new 

device  with  he  cost  to  make  the  old.   If  the  same  sub 

division  of  control  plates  and  flexibility  is  insisted  upon 

with  the  new  system  as  with  the  old  (and  we  will  show  later 

that  this  is  not  at  all  an  essential  premise)  the  best  way 

to  show  relative  eosts  is  to  take  a  typical  specification 
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tor   A  thoat"*  Mid  oompard  the  t\ft>»  Por  purpose  of  dl»» 
ouasion  l«t  \is  tia:o  the  oeso  of  the  Indiana  Theatro  at 
T«rra  Uatitc^  Indiana  which  has  a  ooinploto  aohodulo  of 
dlwiTilng  apparatiia  referred  to  In  Crofts  "Llglitlng  Circuit* 
and  Switches"  First  Sd«  pp  4S6-437, 

2ha  oost  of  operating  liandlos  and  interlocking  shafts  for 
the  tvfo  ays  terns  may  be  said  to  be  the  same  with  the  advan* 
^•ge  if  any  in  favor  of  the  induction  system.  This  is  fop 
the  roaaon  Uiat  the  largest  stuiidard  resistance  tlieatre 
plate  is  30  amps*  and  for  dicadj^g  say  the  white  olrciJ.t 
in  tlie  foutlight  9000  watt  three  v/iro,  the  resistance  sys* 
tem  will  require  four  plates  and  the  induction  ays  ton  only 
two  plates #  'J?he  oost  of  tylnc  thcde  plates  noohanioally 
together  is  therefore  less  in  the  induction  syoten*  also 
less  support  and  room  on  tha  board  la  required* 
The  cost  to  a  switchboard  '  anufcoturer  of  the  plates  only 
for  the  resistateof)  dinrlng  syston  of  the  Jnllxina  Thoatr* 
was  probably  about  $S060  the  aatno  coaprisinis;  59  plates*  ''^ 
In  the  Indtiotlon  systaia  we  wotild  tlo  the  prosoonluir  strips 
to  the  foots  aa  when  one  is  dlmod  the  cthor  tA   dimmed, 
and  have  a  diseonneot  between  them  or  the  low  voltaic  side 
and  the  ,50b  be  tpJren  cnro  of  with  the  following  eqniprentt 
amp  2  wire  control  platea  •aoh  with  one 

"    "    '  6.6  KVA  Coil 
J»  f  c«    "  5.5  »»    " 
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The  number  of  controller  platds  la  reduoed  from  69  to  kjg 
S4  as  oomparod  with  reslstanoe  systttm* 

As  to  the  oost  of  tlieso  devloos  a  survey  with  a  srncXl 
transronTi6)r  loanuxaoturer  and  a  switohboard  manufaaturer 
8(dti(ma  to  indioate  tmt  auto-tiansfoaiBer  ooils  v/lth  50 
tapa«  providiag  100  steps  of  dimoJLng  roay  he  Imd  for  prioea 
as  follows  when  on  a  manufao taring  basis  ox'  at  least  a 
hundred  at  a  timet 

S«S  KVA  Coila  complete  in  case  vl4»50  each 

6,6  *    ^"    *  *    "  ^19.50  each 

11.0  «    «    •♦      «    «   ^25.50  each 

The  coat  of  50  point  control  elates   siiuilar  to  illustra- 
tion  but  with  auxiliary  cut  out  arm«   providing  100  steps 

of  dinntiino  la  eatim&ted  on  the  same  production  basis  to  be 

af  -stifeii©  llgMlng  is  In  «:T!r^«  s^ssspcati  yA^^i^l-f 
as  follows I 

SO  amp  plates       020*00  ef>oh 

60  amp  plates       $80*00  each.     3  wire  controllera  double  price 

100  amp  plates     $50*00  each* 

Tho  above  pricea  are  selling  prices  to  an  assembler  theree- 

fore  they  may  be  preauaed  to  contain  a  factory  overhead  axid 

ISC  eacii  plat*  -mj  a  j?,'iti.of  v*jw»'/cijr  c«y-» 

small  profit* 

Applying  the   above  estimates  to  the  Indiana  Theatre   job 

we  have  for  apparatus  equivalent  to  that  furnished  by  the 

resistance  dimmer  manufacturer  for  ;;;2060*00,   a  cost  of  $1415*00« 

or  a  saving  of  $547*00  In  first  cost  on  the  Indiana  Theatre 

job* 
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It  must  be  recognized  that  ir  the  above  vte   are  conpai'ing 
the  cofitE  to  a  switchboard  manufacturer.  The  chances  are  ^^ 
that  the  resistance  dirme  manufacturers  have  figured 
In  their  prices  considerably  more  overhead  and  profit  than 
the  small  mantifactvirer  who  would  make  auto-transformers 
p.nd  control  plates  on  aub-oontract  so  that  if  absolute  costs, 
labor, and  material  were  compared  the  advantage  shown  by 
induction  apparatus  might  be  v/iped  out. 

Even  SG  the  oonparison  ia  quite  favoraole  indeed  as  it  is 
apparent  Troa  the  savings  £o  be  expected  in  operation  the 
induction  apparatus  should  oominand  a  much  higher  price  in 

the  market,  ^  ■,.;,,  'v 'a;  «.  .;,;-  ;.^.i_  ;■-_-.,.  V^nAt 

It  will  be  recalled  that  the  preceding  oorcparison  Is  based 
upon  equal  dTlexibillty.  As  a  matter  of  fact,  however,  the 
flexibility  of  stage  lighting  is  In  some  respects  merely 
an  after  effect  of  the  great  sub-division  In  awitcliing  necess- 
ary due  to  the  fact  that  dimmer  plates  cannot  be  made  larger 
than  50  amps,  uixdcr  ordinary  space  limitations  (The  ..ard  . 
Leonard  Company  iiaa  just  announced  its  i&rgest  continuous 
dimmer  plate  is  reduced  to  27  amps*)  and  also  that  in  the 
resistance  system  each  plate  must  have  a  rating  exactly  cor* 
responding  to  the  rating^f  the  load  to  which  it  la  connected. 
'^n.   the  Induction  system  proposed  no  such  limitation  e^^lsta 
as  a  100  amp»  control  plate  and  11  KVA  coil  will  dim  one  50 
watt  lamp  as  efficiently  and  with  the  same  gradation  jf  con- 
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trol  as  it  will  care  for  11, OCX)  watts.  It  will  thus  be 
seen  that  considerable  simplification  and  consolidation  may 
be  pemitted  and  at  great  savings  of  cost  by  using  central- 
ized induction  vaiits  and  disconnecting  switches  on  the  low 
voltage  side.  For  instaAoe  in  the  Indiana  Theatre  Job  pre- 
viously considered,  there  is  no  good  reason  why  all  the 
amber  house  lights  should  not  be  on  one  three  wire  control 
plate  and  disoonneoting  switches  placed  on  the  low  voltage 
side  to  eliminate  one  or  all  of  balustrades,  and  oriole 
grills.  It  Is  inconwoivable  that  there  would  be  any  prac- 
tical reason  for  wanting  to  dim  the  balustrade  arabers  "ip" 
while  dimming  the  oriole  grill  ambers  "down",  or  to  dim 
either  at  a  different  rate  tlmn  the  amber  side  Cdes.  What 
is  wanto<i  ia  to  be  able  to  dim, any  combination  of  the  three  ^ 
up  or  down  and  to  eliminate  one  or  two  from  the  three  at 
will.  This  is  easy  to  do  by  the  proposed  device.    ,        ^^^^ 

V/hereas  the  Indir.na  Theatre  schedule  shows  rmly  a  front  and 
back  border  which  probably  should  be  separated  so  ne  can 
be  dimmed  "up"  while  one  is  dimmed  "down"  such  a  dondition 
would  be  eiraplified  in  a  larger  stage  with  4  to  6  borders. 
For  Instance  Border  No.  one  could  have  ane  control  equip-^'* 
ment.  Borddr  No.  2  and  No.  3  could  be  consolidated  on  one 
control  plate  with  disconnecting  switches  on  the  low  voltage 
side.  Similarly  Border  No.  4  and  5  could  be  consolidated  on 
one  control  plate.  Such  a  plan  would  provide  all  the  flex- 
ibility that  one  has  reason  to  oxpect. 
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In  tlie  Oftse  of  the  pookets  tind  cradle  spot  dtnanerB  a  most 
important  condition  imist  be  examined*  She  dioai^er  on  the 
board  is  eri-anged  to  oarry  the  tmxiznuzn  load  that  it  is  0x9 
pected  the  poekeia  will  ever  have  conneotod  to  thesi  at 
one  tine*  ir  it  in   desired  to  obtain ooourate  dlinming  from 
a  pocket  in  only  ono  or  two  places  such  as  for  a  couple  of 
500  watt  spots  it  is  oust  mary  praotioe  to  do  what  is 
oalled  "load  up  tlxe  pockets"  by  inserting  a  battcjry  of 
large  )livetl>o  lights  in  the  other  pockets  and  turniz^  their 
face  to  the  wall  thus  causing  on  outri(^t  vYaste  of  the  • 
elootrlelty  thoy  use*  All  this  vould  be  avoided  by  tue 
induction  apparatus.  Tho  cliancos  $0-0   tliat  the  nost  fer- 
tile field  for  the  sale  of  the  now  device  would  be  f  und 
in  replaoetiont  of  existing  resist onoo  dir]:ners  on  the  pocket 
axui  cradle  spot  panels  of  existing  switchboards*  Tliis 
wo-ald  be  so  obvious  that  the  trade  should  tako  to  it  readily 
snd  it  w  uld  be  a  good  prolininary  to  campaigning  for  gen- 
eral replacecient  of  the  entire  board* 

CONSOLIDATlOli  OF  S^i:/:C1M   OF  GOIITROLLU;  PLATES 

TO  '-'IIS  OR  IJORE  AOTO-a'RANSPOKMHlS, 

It  is  to  be  observed  that  th^re  is  nothini:  to  prevent  nore 
than  one  controller  plat  being  connected  to  a  single 
auto  transformer*  For  instance  in  a  theatre  there  may  be 
only  four  suoIj.  auto  trans Atamers«  tv«o  for  the  atst^e  lighting 
end  two  for  the  nouse  lighting^  each  one  conneotod  to  oppo- 
site  sides  of  a  three  wire  system*  If  these  are  of  suffi- 
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oient  size  they  will  handle  all  the  contrfliller  plates. 
There  is,  however,  an  objection  to  this  plan  in  that 
if  o,.e  transfomer  should  burn-out  whole  sections  of 
the  theatre  Kvotild  1»e  Inoperativej  furthermore  as  the 
various  sections  of  the  coils  in  the  auto-tranaformei*# 
were  short  circuited  by  the  various  controller  plate  arms 
bridging  adjacent  contacts  there  would  be  a  variation  of  ,^ 
voltage  on  everything  connected  to  that  autor-transf ormer. 
To  take  an  extreme  case  of  a  50  point  transformer  feeding 
50  controller  plates,  each  controller  might  be  bridgii.g  a 
different  coll  from  any  of  the  others.   In  such  case  the 
current  in  the  winding  would  be  so  great  that  the  s  upply 
would  be  so  heavily  drawn  upon  to  maintain  any  semblance  of 
voltage  that  primary  fuses  would  certainly  blow,  ^  Thla 

DISCUSSION  OP  NUMBER  POIUTS  OR  STEPS  ''^^  ^^   iJsadit 
OP  DIMMING.       ^^   ^,,  xQ^  ^^,    ,,^,^ 

Resistance  dimmers  have  an  arrangement  of  steps  the  number 
of  which  is  dictated  by  two  considerations;  the  number  of 
candle  power  steps  necessary  to  prevent  jumping,  and  the 
llmltatior.s  of  the  area  of  a  radiating  disk  housing  the  re- 
sistance coll.  For  some  time  the  writer  has  suspected  that 
there  is  no  real  reason  for  having  as  many  steps  of  dimming 
as  provided  by  the  commercial  resistance  dimmers  from  th» 
standpoint  of  candle  power  Jwmps.  Tests  made  on  resistance 
dimmer  plates  show  the  arrangement  to  be  based  upon  substan- 
tially equal  variations  of  candle  powar  from  step  to  step. 
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It  would  appear  in  theory  that  the  number  oould  be 

reduced  toy  having  each  step  hear  a  definite  ratio  to 

the  candle  power  of  the  step  adjacent;  that  Is,  use 

geometric  progression  instead  of  arithmetic.  This  ^'f 

would  seem  to  toe  expected  by  a  consideration  of  the'*^'"' 

physiology  of  the  sensation  of  jximplng  of  lighting.  It  '""' 

would  appear  to  be  true  that  within  the  n^nges  of  normal 

Illumination  with  no  glare  or  eye  strain  If  the  eye  could 

detect  a  variation  of  £>%   In  11  iuminetlon  from  a  normal  " 

and  could  not  detect  a  4t%   variation  from  a  normal,  then 

regardless  of  the  absolute  illumination  the  same  ratio 

would  prevail.  Experiment  seems  to  indicate  there  Is 

some  truth  In  tiiis  and  it  is  well  known  that  the  jumping 

sensation  In  dimming  of  existing  resistance  type  dimmers 

Is  more  apparent  at  low  dimming  than  near  the  top.  This 

would  be  caused  by  th.;  arithmetic  prggresslon  of  candle 

power,  thus  If  the  steps  are  arranged  In  100  equal  pasts 

of  candle  po./er  the  progression  from  step  3  to  4  is  an 

increase  of  ZS%   of  what  it  was  at  point  3  causing  a 

distinct  sensation  of  jump,  whereas  from  98  to  99  the 

a^   fact  on  a  i.  lauj*  t>*nlt 
variation  Is  1^  or  drawn  too  fine. 

^.iftlyuing  t!-i4  «ilt.M!*.icn  tJis  \vtdt#sr  would  oialm  tt  be 

ThiS  transformer  design   submitted  In  connection  herewith 
has  arithmetic   prggresslon  by  equal  steps   from  100/S  to  20jS 
candle  power,   thence  by  steps  of  halfi  as  great  to  zero  candle 
power.     Additional  devices  built  shov;  an  Improvement  If  the 
steps  are  divided  geometrically  dovm  to  about  lOJiJ  of  candle 
power  thance  arithmetically  0or  the  balance  to  avoid  the 
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niamber  of  si&pa  "becoming  Infinite, 

It  is  also  fovaid  that  the  number  of  steps  necessary  for 
wulte  dimming  is  not  the  same  as  needed  for  colors.  Blue 
dimming  can  take  place  with  half  the  steps  of  vAiite  dimmin^j  ^ 
due  to  the  tremendous  absorbtlon  of  blue  colci-  screens* 
Red  is  so  colorful  that  it  seems  to  need  tho  same  number 
of  steps  as  white,  but  a  sreat  saving  can  be  made  in  con- 
troller manufacturing  cost  if  tiie  stops  for  tho  blues  are 
reduced  orie  half«  „«„  '»rt.-rt-,.,v.  ^^,  <•-»«■>-  f^n^.^v  •*  -w 

A    A  CLAIMS  TO  ORIGINALITY 

In  the  preoedlng  disdussl^n  It  is  evident  that  dl&liiE  for 
apparatus  as  well  as  a  oorapltste  combination  or  system  can  be 
made  embodying  the  entire  use  of  the  device  for  diciroing  lamps 
or  regulating  voltage  on  other  devices  that  have  similar  ap- 
proximately constant  resistances.  The  auto -ti»ftn3 former  is 
old,  but  Its  use  in  such  a  combination  involving  resistance 
in  the  leads,  the  auxiliary  cut  out  arm,  and  on  a  lamp  bank 
is  new.  Analyzing  the  situation  the  writer  would  claim  to  be 
new  as  followst- 

(1)   In  an  auto  transformer  or  transformer  a  mxiltiplicity  of 
taps  each  giving  different  terminal  voltages  with r esi stance 
inserted  in  each  lead  of  such  value  as  to  substantially  limit 
the  current  in  tho  part  of  coil  of  transformer  or  auto-trans- 
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♦  former  between  any  tw©  sush  edjecent  taps  to  suoh 

^ainount  as  will  not  oaxiso  undue  ideating  or  humming  ia  

I  said  ooilj  "^  ■'■■i 

(S)  In  an  a^to  transforocr  or  transformor  a  ciultiplicity 
J.  of  tapa  eaoh  giving  differ^snt  ternirial  voltagaa  with  resiat- 
i  anoe  Inaortod  in  o  ach  load  of  such  value  that  errors  in  ,, 
^  winding  tranafomer  to  produce  a  piedeteniiined  toi-minal 
t  voltage  may  bo  corrected  by  alteration  of  resistance  in 
said  tap*  -:■.".  ■  '■::■- 

(4)  In  an  auto- trans  former  or  troaaformor  a  ciultipliuity   jj^g^, 
of  tape  eaoh  giving  different  terminal  voltage  .vith  resist*  ,5 
ance  inserted  in  each  lead  of  such  value  that  when  any  two 
such  adjacent  taps  are  connected  to  one  or  aoro  switch 
contacts  or  arms  the  voltage  at  any  such  contact  will  be 
intermedia  to  between  the  voltage  at  each  adjacent  tap  when 
said  contact  ia  not  :onneoted  to  said  adjacent  -iiapa, 
(si  An  autoptransformer  or  transformer  having  a  multiplicity 
of  taps  eaoh  one  with  or  without  resistance  in  leadaii^  one 
or  more  controller  plate  to  connect  leads  therewith  to  each 
tap  svicoessively  each  said  load  to  be  substantially  non-induc- 
tive and  having  its  internal  resistance  from  the  nature  there- 
of vary  within  a  range  of  from  5b%   of  its  maxlTTmin  value  when 
connected  with  any  said  tap  to  said  maximum  value,  as  said 
loads  are  connected  sixccessively  to  asiid  taps. 
(6)  An  auto  transformer  or  transfoimer  having  a  diultiplicitjr 
of  taps  oQOh  one  with  or  wllihout  resistance  in  leads  the 

-21-  *• 


til  m.v'i'%^  ,iBA2  -i^-uxi  'to  S^f&l  d^  &  a£  Si9ii  aaM 

«#»|eot  xJsti'v?  ©§MIei!»/':Xi*ci:fe^v3^  .it-'oi^*®-  .;.vlj^  ri&jB®  aqai  "So, 

.  ^^^^i^.^.Uw  v'SiJ5>2ioi^i$©^  r«f  .i»jtS!r  ,ar;  -ic«| 

.  m^  'ji^^iL  sat  m&m^&Xs^^^  &i^,^iit,  10  ti^lm  m<s.  f&s^  .^^si  lo 
»'4iEr^ll,<-jac-r.  i^:j-ij&i:faE-d-^i.ue  &d  ptf  l>j*0/    &iaj,&  ,4l««0  "gid!»¥l«.|£S©<«;e  (5ii#. 

*i^q.%-f  %M^  oaf  y.m'^Zs.mm^m  &M>^m&ioo  9nJk  tsbatiiJi 


arrangement  and  connection  of  said  taps  ^  being  such  that  the 
terminal  voltage  v;ill  progi^esa  euccesslvoly  from  e  a  oh  tap  to 
the  one  adjacent  thereto  so  tiiat  the  candle  povr  r  of  a  lamp 
bank  connected  to  such  device  will  vary  in  substantially  e^u»l 
steps  of  candle  power  from  maxlmura  to  mlniinuDi  or  vice  versa 
as  connection  is  made  successively  from  tap  to  tap  singly  and 
individually^ the  intermediate  step  of  candle  power  wnen  the 
connecting  device  is  on  two  adjacent  points  of  the  contrpller. 
is  unequal. 

(7)  An  auto-transformer  or  transformer  xaving  a  multiplicity 

of  taps  each  one  with  or  without  resistance  in  leads  the  arrange- 
ment and  connection  <£    said  taps  iS  being  such  that  the  terminal 
voltage  will  progress  aucoassively  from  et.ch  tap  to  the  one  adja- 
cent thereto  so  that  the  candle  power  of  a  lamp  bank  connocted 
to  such  device  will  vary  in  substantially  steps  of  geometric 
progression  of  candle  po  er  from  maximum  to  minimum  or  vice 
versa  as  connection  is  made  successively  from  tap  t*  tap  singly 
and  individually  even  though  the  intermediate  step  of  candle 
paver  when  the  connecting  device  is  on  two  adjacent  points  of 
the  controller  may  not  so  vary. 

(8)  An  auto  transformer  or  transformer  having  a  multiplicity 

of  taps  each  one  with  or  without  resistance  in  leads,  one  or 

more  controller  plates  to  c onneot  ioada,  therewith  to  each 

tap  successively,  a  switch  interlocked  with  the  operating  of 

mechaniem  said  controller  plates  so  arranged  that  said  auto-   • 

transformer  or  transformer  may  be  connected  to  or  disconnected 

from  supply  circuit  without  any  disconnBOtion  of  the  several 

loads  from  the  supply  circuit, 
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APPEIIDIX  A 

Watts  Lost  in  Leads  and  Overall  Efflolenoy 
-'-"  ^'-  In  the  course  of  development  of  actual  jipparatua  enibody- 
**^*"  ing'the  preceding  principles  it  was  apparent  that  some  calcu- 
***'   lating  was  necessary  for  proper  proportioning  of  resistance  in 
*^   leads  so  that  the  watts  dissipated  therein,  particularly  at  cer- 
*"*   tain  steps,  would  avoid  operating  at  a  temperature  higher  than 

safe  for  the  resistance  oaterlal, 
.  i  '    'The  curve  slaeet  attached  shows  details  of  the  arrange- 

cent  of  steps  on  a  Gom-nerclal  line  of  plates,  and  the  formula 
for  maxlnma  watts  dissipated  In  leads  is  developed  and  shovm 
in  the  lower  ri^t  comer  thereof.  The  table  shows  the  deter- 
mining factors  for  the  design  of  the  resiatanccsj  viz,  ohms 
and  watts  dissipated #  Any  alloy  used  for  the  colls  has 
characteristics  obtainable  from  tho  roanufacturer  as  to  watts 
that  nay  bo  radiated  per  foot  for  the  various  sisds  of  wire. 

It  is  a  tv/o  to  one  chance  tha^.  the  operator  will  keep 
the  control  er  arm  bridging  two  adjacent  pointo  so  tliis  loaa  '^ 
in  leads  due  "o  circulating  current  is  the  main  factor  in 
calculating  the  ef  1  ciency  of  the  device.  At  Is^aa   than 
4/L  c&ndle  power  it  Is  the  worst  wi'di  a  loss  of  S.2^  of  full 
voltage  legap  bank  rating  or  Xd'fo   of  the  power  xwed  by  tho 
lamps  at  5^  of  full  candle  power.  At  half  candle  power  it  is 
9/LO  of  1%   of  full  voltage  lamp  bank  rating  or  1.26;»  of  power 
used  by  lamps  at  that  candle  pov^er. 

The  curve  also  sjaows  the  arjangoment  of  steps  by  geometric 
progression  with  arithmetic  progression  in  the  lower  part* 
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APPEKDIX  B 
U3E  OF  IMDUCTIVE  REACTANCE  IN  PLACE  OP  RESISTANCE. 

The  control  of  the  short  circuit  current  may  also  be  had  by 
causing  each  lead  to  loop  around  an  iron  core  either  inside  or  outside 
of  the  transformer  shell,  thus  considerably  siinplifying  the  control 
siechanism.   A  range  of  inductance  from  .07  to  .28  mil  henrya  for  the 
30  amp.  unit  for  the  Vv.riou8  leads  is  satisfactory  wit'  half  this  for 
the  6")  amp.  unit  and  three-tenths  of  same  f  c  r  the  loO  amp.  unit.   Cal- 
culation will  stow  tnia  may  be  obtained  by  two  or  three  turns  around 
a  core  of  iron  wire  and  one  cere  will  do  ior  all  of  the  leads  which 
can  be  wound  axially  thereon.   This  core  sh  uld  preferably  be  placed 
inside  tlie  transformer  case  so  it  can  be  i^npregnated  to  avoid  humming 
when  load  current  causes  it  to  be  magnetised. 

\Ve  thus  arrive  by  somewhat  devious  routing  to  an  exceedingly 
simple  article,  but  it  is  typical  of  ihe  inventive  process.   Each  of 
the  claims  tc  originality,  except  No.  4,  should  be  modified  to  read 
"reactance  or  resistance"  where  it  now  re ^ds  "resistance",  and  the 
construction  of  this  inductive  reactance  as  an  integral  part  of  the 
transformer,  with  one  core  doin_:  for  all  the  leads,  ah^  uld  \je   included 
separately.   It  is  ^Iso  possible  to  combine  the  two  magnetomotive 
circuj-ts  of  the  autc  transformer  ind  the  control  reactances  into  one 
shell  type  stamping. 

Foi   theatre  stage  use  where  the  intermediate  step  of  voltage, 
when  contacts  are  bridged,  is  important,  as  more  perfectly  graduating 
the  candle  power,  the  resistance  raetiiod  of  controlling  the  snort  circuit 
current  shculd  be  adhered  to,  as  this  effect  is  not  had  if  inductance 
be  used. 
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